Afshari Safavi, E. A. & Y. Shahbazi, 2017. Antimicrobial resistance in Escherichia coli isolated from different parts of the digestive tract of sheep. Bulg. J. Vet. Med., 20, No 3,[271][272][273][274][275] In order to evaluate differences in resistance patterns of Escherichia coli isolated from different parts of sheep digestive tract, the intestinal tracts of 24 sheep were sampled at various locations (duodenum, jejunum, caecum, colon and rectum) after slaughter. Samples were cultured on MacConkey agar and obtained colonies were confirmed as E. coli based on the biochemical tests results. Isolates were tested for antimicrobial agent susceptibility to 10 antibiotics (colistin, gentamicin, oxytetracycline, trimethoprim-sulfamethoxazole, amoxicillin-clavulanic acid, enrofloxacin, ampicillin, cephotaxime, neomycin and florfenicol), using disc diffusion method. The tested E. coli resistant to colistin, ampicillin and amoxicillin-clavulanic acid were isolated more frequently from large intestine (rectum) than from small intestine (duodenum) (P<0.05). In conclusion, antimicrobial resistance pattern of generic E. coli inhabiting the intestinal tract of sheep depends on sampling location, which should be considered in interpreting the results of antimicrobial resistance tests of E. coli isolated from the faecal samples and generalising results to bacteria colonised in other parts of the digestive tract.
The use of antibiotics in animals for treating disease, preventing disease and improving feed efficiency have resulted in antimicrobial resistance in animal microbiomes (Allen, 2014) . In some instances, antibiotic resistant bacteria could be possibly transfered from animals to man and this poses a concern in human medicine (Marshall, 2011) . Generic Escherichia coli are frequently used as indicator bacteria to monitor trends in antimicrobial resistance patterns because they are prevalent in animal and human gut flora, cultured easily and inexpensively and provides information on resistance in a population (World Health Organization, 2000; European Food Safety Authority, 2012) . Because of the ease of obtaining, faecal sample is typically used to study antibiotic resistance pattern of bacteria of digestive tract and is commonly used to monitor the antimicrobial resistance in national surveys. For example, European Antimicrobial Susceptibility Surveillance in Animals (EASSA) examines the antimicrobial susceptibility of some bacteria including E. coli in healthy food-producing animals (beef cattle, slaughter pigs and broiler chickens) sampled at abattoir facilities (faecal or caecal samples) throughout Europe as monitoring project (Moyaert et al., 2014) . However in many species including sheep, it is still unclear if the antimicrobial resistance pattern of E. coli isolated from faecal sample is similar to the ones isolated from upper parts of intestinal tract or not. Therefore, the main objective of this study was to evaluate differences in antimicrobial resistance pattern of Escherichia coli colonised in different parts of the digestive tract of sheep. This information is important for adjusting sampling protocols for E. coli as an indicator bacterium and to keep away from biased results in monitoring programs.
Samples were collected at the abattoir of Kermanshah (west of Iran). At each visit samples were collected from every 10 th sheep after evisceration at the slaughtering line and the content of the lower intestinal tract of 24 sheep was sampled at five locations (duodenum, jejunum, caecum, colon, and rectum). In upper parts (duodenum and jejunum) where intestinal content was more liquid, sampling was performed by using a sterile swab while in contact with the intestinal mucosa after emptying the contents. In other parts of the intestines, solid content was placed inside the sterile container. All samples were transported on ice to the laboratory within an hour. The faecal samples were cultured on MacConkey agar and incubated at 37 °C for 24 h. Suspected colonies were identified as Escherichia coli based on the biochemical tests. Antimicrobial susceptibility testing was performed on Mueller Hinton agar by disk diffusion method according to the Clinical and Laboratory Standards Institute (CLSI, 2008) . The following antimicrobial agents were used: colistin (CL) 10 µg; gentamicin (GM) 10 µg; oxytetracycline (T) 30 µg; trimethoprim-sulfamethoxazole (SXT) 1.25/23.75 µg; amoxicillin-clavulanic acid (AMX/CA) 10/20 µg; enrofloxacin (NFX) 5 µg; ampicillin (AM) 10 µg; cephotaxime (CTX) 30 µg; neomycin (N) 30 µg; and florfenicol (FF) 30 µg (Padtanteb Co., Iran). Antimicrobial susceptibility data were assessed from the diameter of the zone of inhibition of growth around the disc and interpreted in accordance with CLSI standards. Escherichia coli ATCC 25922 was used as a quality control organism.
The relationship between the location of sampling and presence of antimicrobial resistance was assessed using Chi-square analysis and Fisher's exact test for each of antimicrobials separately. Data analysis was implemented using the statistical software programme (SPSS for Windows, version 16.0) and values of P<0.05 were considered statistically significant. Isolates with intermediate susceptibility were counted with susceptible ones because the main goal was to compare the presence and absence of antimicrobial resistance between different locations of gastrointestinal tract.
Eighty nine E. coli isolates were obtained after bacteriological culture. Multiresistance (resistance to 2 or more antimicrobials) was present in 81 out of 89 (91.01%) isolates. The number of isolates obtained from the upper parts was lower than lower parts (Table 1) . For colistin the percentage of resistant E. coli isolates was significantly higher in caecum, colon and rectum than in duodenum. For amoxicillin-clavulanic acid the percentage of resistant E. coli isolates was significantly higher in rectum than in duodenum. For ampicillin the percentage of resistant E. coli isolates was significantly higher in colon and rectum than in jejunum and significantly higher in the caecum than in jejunum and duodenum (Table 1) .
Fewer numbers of bacteria were isolated from proximal segments of intestine which can be due to the higher acidity in these parts of intestines (Sorum & Sunde, 2001 ). This study indicates that the prevalence of resistance to some of the antimicrobials in Escherichia coli colonised in different parts of digestive tract of sheep depends on the site of bacterial isolation. In some previous studies conducted in other species, similar results have been obtained. Catry et al. (2007) isolated from different parts of the digestive tract of veal calves and it was shown that a lot of gentamicin, nalidixic acid and enrofloxacin-resistant E. coli existed in the caecum, colon and rectum than in duodenum and jejunum and that the percentage of resistance to ampicillin was significantly lower in the jejunum, compared to the other segments of the intestinal tract. Moro et al. (2000) found that percentages of resistance to ampicillin for E. coli isolated from the ileum of swine showed significantly higher levels of resistance than isolates from caecum, colon or rectum and percentages of resistance to tetracycline were significantly higher for isolates from ileum and caecum than form colon and rectum. It has been previously shown that when sows are stressed, resistant bacteria from the upper digestive tract flow to the lower tract (Moro et al., 2000) . Therefore, the higher antimicrobial resistance against some of the antimicrobial agents in E. coli isolated from the faeces than E. coli isolated from the content of the upper segments in the present study could be due to the stress imposed on the animals before slaughter, especially during transportation to the abattoir. Based on the results of the present study, the antimicrobial resistance pattern of E. coli isolated from faeces (here rectum) can be different from isolates inhabiting other parts of sheep digestive tract. Therefore, we should be cautious in generalising the obtained results of faecal antimicrobial resistance patterns to the whole E. coli population of digestive tract of sheep. Especially these considerations should be taken into account in adjusting sampling protocols for indicator bacteria of animal origin in antimicrobial resistance monitoring programs.
Further investigations are necessary to assess the possible mechanisms involved in colonising of antibiotic-resistant Escherichia coli in different parts of sheep digestive tract.
